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SUMMARY
Tests have been completed that provide basic information on the removal of pertechnetate ion from Hanford tank waste. This work was conducted in support of the Hanford River Protection Project for BNFL, Inc. SuperLig@639 ion exchange resin has been evaluated for the removal of perrhenate ion from Hanford Envelope A simi,dant. Perrhenate ion was used as a non-radioactive substitute for pertechnetate ion which is the major form of technetium found in actual Envelope A waste samples. Batch contact and column experiments have been performed using SuperLig@ 639 resin and 5 M~a+] simulant. The tests were highly successful in demonstrating the effectiveness of this method for removing pertechnetate from Htiord tank waste. These results will provide a critical link between small-scale radioactive tests and pilot-scale simulant tests. Results of testing at each scale will serve as input for the development of an ion exchange model which will be used to predict resin performance in the plant operation. No significant problems were encountered which would prevent use of this resin as planned. Further testing is needed to evaluate methods for reducing the volume and duration of elution.
Although all resin batches satisfi the current BNFL design criteria significant variability was observed in the capacities of the three batches of SuperLig@ 639 resin received. Distribution coefficients (IQ measured in batch contact tests for the "as-received" resins varied by a factor of 2.5 (measured& range at 7 mg/L initial Be]: 200-500 mIJg). Equilibrium adsorption isotherms were determined for two resin batches by varying the initial rhenium concentration. The rhenium breakthrough in column experiments with different resin batches was consistent with the lambda values predicted from the & data.
(Note: All solutions were passed through the ion exchange columns in the downflow direction.) The 50% Re breakthrough point riinged from 90 to 150 resin bed volumes .
(BV) in tests pefiormed with a 2.7 cm ID column and a superficial velocity near 0.5 cmlmin (Be] in feed: 13-16 mg/L) depending on the batch of resin tested. For resin batch #980624001DC experiments were performed in a 2.7 cm ID coiurnn at three flow rates chosen to span the range of superllcial velocities that are planned for facility operation. An additional experiment was conducted using the same sample of resin in a 4.0 cm ID column in order to explore the effects of column geometry on resin performance. At a supetilcial velocity near 0.5 crdmin, a 39% decrease in the volume of solution processed to reach 50°/0rhenium breakthrough was observed for the larger diameter column. This result was expected since the residence time and path length (resin bed height) were shorter in the larger diameter column. In the 2.7 cm ID column, floating of the SuperLig@ 639 resin bed during the feed cycle was not significant (3% floating in 5 M~a~simulant for all resin batches tested). There were no observations of cracking or swelling of the resin bed and no color or fines were observed in the effluent. With the 4.0 cm ID column (batch #980624001 DC), as much as 25°/0of the resin bed floated (probably due to less extensive bridging of the resin beads in the larger diameter column) before the bed was retained with quartz wool and glass beads. Another important objective of thk work was to determine the appropriate fluid to use for column elution. Columns were eluted with both 0.5 M nitric acid and deionized water. Deionized water was found to elute the rhenium more quickly than acid, although 16 bed volumes of effluent were required to reach the acceptance criteria (1'Aof CO). rate and resin bed geometry, respectively. In additio~the equilibrium capacities of the resin batches were determined to evaluate production batch variability. The rhenium equilibrium batch contact and column data serve as a basis set for the development of an ion exchange model to predict SuperLig@ 639 column performance in large-scale plant operations designed for the removal of technetium fi-omactual waste solutions. Data from the small-scale radioactive and pilot-scale simulant tests will be used to fkrt.her refine the model. Results of this modeling will be available in fiture reports. Another important objective of this work was to determine the appropriate fluid to use for column elution.
Use of perrhenate ion to mimic pertechnetate ion has been previously studied.2 While the two ions are not identical, they are sufficiently similar to provide a basis for comparison.
The tetrahedral geometries of oxygen atoms in these two species result in nearly identical ion sizes. All isotopes of technetium are radioactive, and use of rhenium as a nonradioactive substitute is significantly less expensive and generates no radioactive waste.
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Materials
Three batches of SuperLig@ 639 resin were received from IBC Advanced Technologies, American Fork, Utah. All resin samples were composed of tan, spherical beads and were very similar in appearance. Some physical data reported in an earlier document for the 639 resins is provided in Table 1 .3 Batch contact tests were conducted for all three resin batches. Most of the column experiments were conducted using the highest density batch of resin (#980624001 DC). One additional test was conducted using an equal volume mixture of the two remaining batches. . The simulant was prepared in 2-L batches and allowed to sit overnight before being filtered through a 0.45 micron Nalgene@ nylon filter. For the cohmm experiments, numerous 2-L batches of simukmt were composite in a large carboy. The simukmt was periodically inspected and refiltered when solids were observed. The ' measured simulant density was 1.23 g/mL. In column experiments, the frost 750 mL of simukmt exiting the column was discarded and the remainder of the solution was reused for subsequent tests after respiking the solution with sodium perrhenate. The first 750 mL of simulant was discarded because it contained approximately 1 BV of sodium hydroxide solution, which if mixed with the effluent simulan~would have changed the composition and prevented reuse for subsequent experiments. Freshly-prepared 2 L batches of simukmt were added to maintain the volume needed to complete subsequent experiments. The density of the composite simuk-mtw& measured periodically to confirm that the bulk composition had not changed significantly. All solutions were prepared using ACS certified, high-purity reagents from Fisher Scientific, Inc. Analysis of the composite simulant prior to use confirmed the basic composition given in Table 2 . 
Batch Contact Experiments
Batch contact tests were performed in duplicate at ambient temperature using a Thermolyne orbital shaker. In a typical experiment ion exchange resin (O.10-0.19 g) and simulant (10-19 mL) were transferred to a 21 mL polyethylene vial and placed on the shaker. The ratio of solution volume to exchanger mass was typically 100* 5. The temperature was measured at the beginning and the end of each experiment (observed range: 19-22 'C). After 24 + 0.5 hours, samples were removed from the shaker and visually inspected. In all cases the resin appeared to be intact indicating that agitation of the vials during the test did not lead to significant material degradation. The amounts of resin floating, suspended and sinking were recorded for each sample. The solution was then filtered through a 0.45 micron Nalgene@ nylon filter using vacuum. Portions (2-4 rnL) of the filtrate and similarly-treated samples of the feed solutions (blanks) were analyzed for rhenium by the Savannah River Technology Center Analytical Development Section using ICP-MS. Data for the batch contact tests are provided in Attachment 1.
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BNF-003-98-0140 Revision O Re distribution coefficients and% removal were calculated for each experiment using the formulas shown in Eqs. 1 and 2, respectively.
M= mass of "as-received" resin (g) F = resin dry weight correction factor F-factors were determined at SRTC to be 98.6% for batch #980624001DC and 98.7% for batch #98 1015DHC720011 (Table 1 ). An average F-factor of 98.7% was used to calculate the distribution coefllcient for batch #990420DHC720067 since the water content for this batch was not measured. Figure 2 shows the ion exchange column design. Columns were constructed from 2.7 and 4.0 cm ID sodium borosilicate glass tubing. Decals were affixed to the outer walls of the columns with lmm graduations to measure the resin bed height. The outsides of the columns were coated with a layer of polyvinylchloride to reduce hazards associated with potentially pressurizing the apparatus. A 3-way, 6 min bore Teflon" stopcock (#1) was attached to the bottom of the columns. The column head was attached to the column using a Rudivis ground-glass joint. Two 2-way, 6 mm bore stopcocks (#2 and #3) were attached on opposite sides of the column head to serve as feed ports. The column head also contained a pressure gauge, a pressure relief valve, and a fill reservoir that also served as a vent. Stainless steel wire screens (200 mesh) were inserted into the columns to support the ion exchange resin. Colder Products Company polypropylene quickdisconnect couplings were used to connect low-density polyethylene tubing (1 1/64" ID) to the columns. All solutions were passed through the columns in the downflow direction using Fluid Metering Incorporated QG 150 positive displacement pumps with YA" and 3/8" piston sizes. Samples were collected either manually or using a Spectrum Chromatography IS-95 Interval Sampler. Theionexchange columnwasprepared by soaking the''as-received" resinovernightin deionizedwaterandtransferringthe resin into the column asasuspension. Formost experiments, a51mLsample ofresin from batch#980624001DC wasused. An additional experiment was completed using50mLof a50:50mixture ofbatches 981015DHC72OOlland990420DHC720067 inordertomodelthe pilot-scalecolumri tests whlchwere conductedusing the same mixtureofbatches. In eachexperimenLthe resin bedvolume wasdetermined bymultiplying the measured height ofthe resinbed by thecross-sectional area. Thetemperature during thecolumnexperiments ranged from 20-23 "C. The bed was pretreated with 3 bed volumes of 1.0 M NaOH over a 1 hour period just prior to beginning each experiment (Pretreatment Cycle). The NaOH liquid level was adjusted so that the voh.une of liquid above the resin bed was approximately 50 mL (1 bed volume) before simukmt solution was pumped into the column. Simulant(13-16 mg/L [Re]) was pumped into the column and approximately 8 mL samples of effluent were collected every 10-20 bed volumes (Feed Cycle). The liquid in the column was then drained to within approximately 1 cm of the top of the resin bed. Sodium hydroxide solution (O.1 M) was pumped into the column until the volume of liquid above the resin bed was approximately 50 mL. The exit line was opened and 2.5-3.5 bed volumes of 0.1 BNF-003-98-0140
Column Experiments
Revision O M NaOH was passed through the column in one hour and samples of the effluent were collected every 20 minutes (NaOH Wash Cycle). Subsequently, 2.5-3.5 bed volumes of deionized water were passed through the column in one hour and samples of the effluent were collected every 20 minutes (Post-Feed Water Wash Cycle). (Note: The water wash cycle served to displace residual sodium hydroxide solution from the column prior to elution.) The column was eluted with either deionized water or 0.5 M HN03 at a flow rate of 1 or 3 bed volumes per hour and samples were collected every 1-2 hours (Elution Cycle). When eluting with acid, the liquid in the column was drained to within approximately 1 cm of the top of the resin bed following the elution cycle. Deionized water was pumped into the column until the volume of liquid above the resin bed was approximately 50 mL. The column was washed with 3 bed volumes of deionized water during a 1 hour period (Post-Elution Water Wash Cycle). Feed and effluent samples were analyzed for rhenium by the Savannah River Technology Center Analytical Development Section using ICP-MS or ICP-ES. Data from the column experiments are provided in Attachment 2.
The flow rate was monitored during the column experiments by periodically measuring the time required to collect 10 or 25 mL of effluent. The effluent solution during the feed cycle was collected in 3-4 separate reservoirs. The total volume of effluent in each reservoir was measured and corrected for the volume of samples collected and the flow rate was calculated from the time of collection. The overall flow rate was taken to be the weighted average of the flow rates calculated for each collection bottle. The flow rates for the pretreatment, wash, and elution cycles were calculated from the time of collection and the volume of solution collected (after correction for the volume of samples collected). Flow rates measured during each experiment for the feed, wash and elution cycles are provided in Attachment 3. The number of bed volumes of solution processed at each sampling period during column operation was calculated from the frequency ofcollection and the flow rate. (Note: The column operating procedure was designed to emulate the actual plant operation, where the column is half fill of resin and half full of liquid. Accordmg.to the procedure, the initial simukmt that was fed into the ion exchange column during the loading cycle was to be diluted by the 1 BV of 1.0 M NaOH pretreatment solution which remained above the resin bed. Likewise, the post-feed water wash and the eluting solutions were allowed to mix with the liquid head left above the resin from the previous cycle. No attempt was made to correct for mixing of solutions in the column head-space when calculating the number of bed volumes of feed, wash or ehmte processed. Each cycle was considered to start at the moment that the feed line was transferred to the new feed bottle and the pump was activated.) The resin bed volume was monitored throughout the experiments by periodically measuring the height of the bed. The volume varied by less than 5% throughout the experiments. Distribution coefficients (&) provide a quantitative measure of ion exchange resin equilibrium capacity. As shown in Table 3 and Figure 3 , the observed rhenium distribution coefllcients varied significantly depending on the resin batch. The& values measured for each batch at approximately 7 mg/L initial [Re] indicate that the resin capacity varies by a factor of 2.5 with batch #980624001 DC exhibiting the lowest capacity (199 mL/g) and batch #990420DHC720067 exhibiting the highest(512 mIJg). The shapes of the adsorption isotherms in Figure 3 are typical of Langmuir-type adsorption. In general, the distribution coefficients increase as the rhenium equilibrium concentration in solution decreases. At very low concentrations the equilibrium capacity may begin to decrease again as shown in the adsorption curve for batch #98101 5DHC720011. For each resin which was tested at various rhenium feed concentrations, the & values seemed to plateau across a range of rhenium equilibrium concentrations. At final rhenium concentrations ranging from 0.7 to 25 mg/L the distribution coefficients for batch #980624001DC were near 200 mL/g. At rhenium final concentrations ranging from 0.2 to 1.5 mg/L the distribution coefficients for batch #981015DFIC720011 were approximately 400 mL/g. Relative to batch #980624001DC the plateau observed in the adsorption isotherm for batch #98 1015DHC720011 was not observed until the rhenium equilibrium concentration was considerably lower (1.5 versus 25 mg/L final [Re]). (Note: The& value measured for batch #980624001DC with afinal equilibrium concentration of 3.37 mg/L was anomalous presumably due to experimental or analytical error.) The trends observed in the equilibrium capacities of the resin batches do not correlate with the amount of resin observed to float in the simulant solution. Only batch #98 1015DHC72OO11exlibited a significant tendency to float (30-50% floating) in the simukmt at the conclusion of the batch contact tests. As shown in Figure 3 , the measuied &'s for this resin batch were intermediate in magnitude relative to the remaining batches. This observation indicates that sufficient contact was obtained between the solid and the solution in all tests. The amount of resin observed to float in the batch contact tests is also consistent with the resin density measurements shown in Table 4 . Three of the four experiments were completed using a 2.7 cm ID column at different volumetric flow rates (Figure 4) . The . breakthrough profiles follow the expected trends with fmter flow rates resulting .in more rapid rhenium breakthrough. Decreasing the flow rate from 73.4 to 3.4 BV/hr increases the 50% Re breakthrough point by a factor of 10. In addition, the 50% Re breakthrough point of 90 BV observed at a feed superficial velocity of 0.51 cm/min is very near the value expected based on the batch contact data. The theoretical 50°/0Re breakthrough point can be predicted from~data and the bulk resin density. At a rhenium feed concentration near 15 mg/L the estimated Re~for batch #980624001DC is 200 mL/g. The vendor reports the wet bulk resin density for SuperLig@ 639 resin to be 0.4 g/mL. The bulk resin density for batch #980624001DC was reported by SRTC to be 0.489 g/mL.3 The number of bed volumes required to reach 50% breakthrough (k) can be calculated using Eqn. 3.
1.= (KJ x (bulk resin density) (3)
The k value calculated for a feed concentration near 15 mg/L (& = -200 mL/g) ranges from 80 to 98 BV depending on the value used for the bulk resin density. The observed 50'XO Re breakthrough point of 90 BV falls within this range, indicating that Re adsorption onto the resin approaches the equilibrium capacity at 3 BV/hr. Operating the plant at thk flow rate would filly utilize the resin capacity to process the maximum volume of waste before reaching the 50°/0Re breakthrough point. The time required for column loading would be maximized and the frequency of elution and regeneration would be minimized relative to operating at faster flow rates. The maximum flow rate ' q In each experiment the peak rhenium concentration was observed between 2-3 BV afler the start of the water wash cycle. Acid significantly increases the volume of solution required to elute the column compared to water. The rhenium concentration in the eluate decreased to <1% of the feed Re concentration witlin 28 BV when eluting with acid and within 16 BV when eluting with deionized water. (Note: Integration of the area above the loading curves for Experiments 2 and 3 in Fig. 4 indicated that Re loading on the column was nearly identical in these two experiments. Therefore, differences in Re loading on the column in these experiments does not explain the differences in the elution profiles discussed above.) . BNF-003-98-0140 .
Revision O After completing three column experiments in the 2.7 cm ID column, the resin was transferred to a 4.0 cm diameter column (Exp. 4). A column experiment was performed at a feed superficial velocity of 0.48 cm/min, which is near the slowest velocity used in the smaller diameter column. During this experimen~it was initially quite difficult to maintain a stable liquid level above the resin during the feed cycle. These problems were not overcome until well into the experiment. On two occasions the liquid level fell below the top of the resin bed briefly. Once the liquid level was stabilized, no obvious air bubbles were observed within the bed. (Note: Floating of the resin bed was probably due to less extensive bridging of the resin beads in the 4.0 cm diameter column, although floating of the resin due to unseen trapped air bubbles cannot be ruled out.) As the simulant solution was passed through the resin bed a significant portion of the resin gradually began to float. After approximately 120 bed volumes of feed solution had passed through the column it was necessary to add quartz wool and glass beads to the top of the bed to keep the resin from floating. Figure 7 compares the rhenium breakthrough profiles observed for the experiments performed in the 2.7 and 4.0 cm ID columns at comparable superficial velocities. Increasing the column ID from 2.7 to 4.0 cm decreases the pati length from 9.0 cm to 4.1 cm. The volumetric flow rate was increased from 3.4 (2.7 cm ID column) to 6.9 BV/hr in the 4.0 cm ID column in order to maintain approximately the same supetilcial velocity (0.5 cm/min), The breakthrough profiles observed follow the expected trend. The Re 50% breakthrough point in the 4.0 cm ID column (55 BV) was 39°/0lower than the breakthrough observed in the smaller diameter column (90 BV). This result was expected since the residence time and path length were shorter in the larger diameter column.
The 4.0 cm diameter column was eluted with water at a supetilcial velocity of 0.19 cm/min (2.7 BV/hr) which was comparable to the superficial velocity of 0.16 cm/min (1.1 BV/hr) used for the water elution in the 2.7 cm ID column. The elution profiles for' the two experiments are shown in Figure 8 . In general, the elution profile observed for the 4.0 cm ID cohyrm is similar to the profile observed in the 2.7 cm ID column. The maximum rhenium concentration is observed near 4 BV and the width of the elution peak at half-height is comparable to the width observed for the 2.7 cm ID column. However, the elution tail for the experiment in the 4.0 cm ID column is considerably longer than was observed for the 2.7 cm ID column. In the larger diameter column, the Re' concentration after 15 BV of eluate had been collected was approximately 8°Aof the"feed concentration. For comparison, in the smaller diameter column the Re concentration was <lo/o of the feed concentration after 16 BV of eluate had been collected. This observation indicates that residence time is an important processing parameter for rhenium elution. The residence time for the elution of the 4.0 cm ID column decreased relative to the 2.7 cm ID column due to the fmter volumetric flow rate. Presumably, the shorter residence time resulted in a longer elution tail, despite the fact that the path length was shorter in the larger diameter column. Table 1 ). The experiment was conducted in a 2.7 cm ID column at a flow rate of 2.9 BV/hr (0.43 crrdmin), which is comparable to the slowest flow rate used for batch #98062400 lDC. The breakthrough profile for the column containing a mixture of resin batches is compared in Figure 9 to the breakthrough profile for batch #980624001DC at a similar flow rate. The Re 50'?40 breakthrough was observed at 150 BV for the mixture of batches, which is nearly twice the number of bed volumes at which breakthrough was observed for batch #980624001DC (Re 50% breakthrough: 90 BV). This result is qualitatively consistent with the distribution coefficient results. Figure 10 shows the water elution profile observed for the mixture of resin batches. The column was eluted at 3 BV/hr (0.41 cm/min). The maximum rhenium concentration is observed near 5 BV. The rhenium concentration in the eluate was 22°/0of the feed concentration after 27 BV of eluate had been collected. Since the adsorption capacities of batches 9810 15DHC720011 and 990420DHC720067 were significantly different from batch #980624001 DC, the elution data cannot be directly compared. However, it is apparent that elution of the mixture of resin batches 981015 DHC72OO11 and 990420DHC720067 at a flow rate of -3 BV/hr results in a long elution tail. Based on observations regarding the effects of residence time on rhenium elution, elution at slower flow rates would be expected to decrease the volume of eluent required. Revision O Simukmt batch contact and column optimization tests have been completed on three batches of SuperLig@ 639 ion exchange resin. Consistent results were obtained for the batch contact and column tests. At feed flow rates near 3 BV/hr the column performance of all resin batches approached or exceeded the current plant design criteri~which requires a minimum of 100 BV of feed to be processed prior to elution and regeneration. However, synthesis of the resin should be modified to increase the density to avoid floating the resin bed while processing these dense feed solutions. Additional research is also needed to identify the manufacturing variables that affect resin capacity and develop methods for its optimization. The columns were most effectively eluted with water at a flow rate of 1 BV/hr. Further work is needed to evaluate methods for reducing column elution duration and volume. These may include heating the water used for elution (as recommended by IBC personnel) or periodically stopping the flow during the elution to allow the resin to continue to desorb technetium without generating more eluate volume. 
